Introduction
Hemorrhagic shock is defined as a failure of adequate tissue perfusion resulting from a loss of circulating blood volume.
Poor blood supply to the tissues ultimately affects every cell in the body and organ dysfunction will quickly develop if tissue perfusion fails. Maintenance of circulating blood volume is one of the most important homeostatic mechanisms that is mandatory to support. Untreated or inadequately treated hemorrhagic shock will ultimately result in serious consequences for the patient.
Limited or inadequate restoration of circulating volume will give rise to profound inflammatory changes. Inflammatory cytokines are liberated within the circulation also during resuscitation and membrane injury occurs in many cells While replacement of blood loss is not achieved, which could be the state of the body organs and systems? The kidneys will be under prostaglandins (hemorrhage) and anesthetics (surgery) effects and, in some cases, also with a preemptive analgesia with a nonsteroidal anti-inflammatory drug (NSAID), such as ketoprofen.
As NSAIDs also have analgesic, antipyretic, and nonselective cyclooxygenase (COX) inhibition properties 2 , the conditions of the kidneys concerning inflammation and histological injuries under these compounds are unknown.
Because these issues were not yet clarified, researches are required to study kidney response when the organ has an ischemic/ hypotensive injury under the action of inhalational anesthetic, that may be protective 3 or not 4 , and of a NSAID, presupposed as an aggressive agent, but showing promising results in some
The aim of this study was to evaluate changes produced by acute hemorrhage, not followed by adequate volume resuscitation, in renal histology and immunohistochemistry of rats under the action of sevoflurane and ketoprofen.
Methods
This study was performed in accordance with the guidelines of the Ethics Committee in Animal Experimentation of the Botucatu Medical School, UNESP. Twenty adult Wistar rats were randomly divided into two groups of 10 rats each: sevo+keto group and sevo group; all rats were anesthetized with sevoflurane and subjected to 30% blood volume loss. 
Results
The animal weights (g) did not differ between sevo+keto group and sevo group, and were, respectively, 459±40 and 421±105. For sevo+keto group, the rectal temperatures (°C) were 37.1 ± 1.0 (T1), 37.9 ± 1.1 (T2) and 37.5 ± 1.0 (T3), while for sevo group, the rectal temperatures were 35.7 ± 0.9 (T1), 35.7 ± 1.0 (T2) and 35.7 ± 0.7 (T3). There were significant differences between the two groups with respect to moments (p<0.003, 0.0002, and 0.0002, respectively) ( Figure 1 ). There was a significant decrease in the mean arterial pressure (mmHg) for both groups, respectively for sevo+keto and sevo groups: 95.7 ± 12.1 (T1), 50.6 ± 20.9 (T2), and 58.8 ± 18. T1  T2  T3  T1  T2  T3 FIGURE 2 -Box-plot. Mean of the mean arterial pressure and standard deviation values (mmHg) of the rats of the sevoflurane+ketoprofen (sevo+keto) and sevoflurane (sevo) groups in the three time points studied, T1, coincident with the first hemorrhage, T2, coincident with the third hemorrhage, and T3, 30 min after T2 (p<0.001 for sevo+keto group decrease, and p<0.002 for sevo group decrease). Table 1 
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Discussion
In this study, the clinical situation of routine anesthesia for surgery with acute nonexpected hemorrhage, not followed by prompt blood volume resuscitation, combined to the use of preemptive analgesia with a NSAID, a potential prostaglandin inhibitor, was intentionally mimicked. In this situation, during anesthesia, the vasoconstriction that follows hemorrhage will cause damage to the kidneys.
The rectal temperature reported in this study was lower in the sevo group and the mild hypothermia observed would be protective to the organ, significantly minimizing the kidney injury severity Although the severity of hemorrhage is related to the percentage of total blood volume lost, the duration of the shock is also of significant importance 9 . Resuscitation should begin as early as possible; so, hypoperfusion in intervals greater than six to 12 hours likely cannot be reversed completely with subsequent hemodynamic optimization 10 . As a decrease in circulating blood volume provokes homeostatic response to maintain blood flow to the brain and heart, other organs, like the kidneys, can be damaged.
It is known that low perfusion conditions, as is the case of hemorrhagic shock, produce widespread cellular hypoxia, triggering systemic inflammation 1 . Depending on the degree of the hypotensive insult, the kidney may manifest acute spasm of the preglomerular arterioles that leads to acute tubular necrosis. In our study, necrosis occurred in both groups, but was more intense in sevo group, even with the mild hypothermia seen in these animals, known to be protective to the kidneys. These findings may suggest a protective role of ketoprofen against renal aggression.
Immune response following hemorrhagic shock is characterized by an early proinflammatory cytokine release such as interleukin (IL)-6, IL-1, or TNF-α, which appears immediately after the injury
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. The kidney is an endocrine organ that regulates and produces many substances, such as cytokines, and so, is capable of producing TNF-α in response to multiple trauma and ischemia/reperfusion injuries, and also through its own TNF-α up-regulation mechanism or through its own IL-1 released.
Biologically IL-1 and TNF-α are closely related, although their structures and receptors are distincts 12 . These cytokines can modulate renal hemodynamics and probably mediate clinical and laboratory manifestations of some renal diseases
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. In this study, the presence of cytokines TNF-α and IL-1 were significantly high after hemorrhage, but without differentiation between groups.
When hypovolemia occurs, norepinephrine, angiotensine II, and antidiuretic hormone act to maintain blood pressure and preserve perfusion in important vascular beds. These substances stimulate vasoconstriction in relatively less important vascular beds, such as splanchnic circulations
. Acute tubular necrosis (ATN)
is part of a spectrum of manifestations of renal hypoperfusion, being the result of severe and prolonged hypoperfusion 15 . In our study both groups presented tubular necrosis, but sevo+keto group showed lower scores. Knowing that hypothermia protects from ischemic injuries, this lighter degree of necrosis of sevo group might be due to the hypothermia presented by these animals, which was more important than that of the sevo+keto group. In this way, ketoprofen may have protected the kidneys against the hypoperfusion.
Further experiments will be necessary to elucidate the involvement of ketoprofen in the histological changes of rat kidney after acute hemorrhage.
Conclusion
Ketoprofen exhibited a protective effect on rat kidney in situation of anesthesia with sevoflurane and hypovolemia after acute hemorrhage, although it seems that TNF-α and IL-1 are not involved in this protection.
